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(57) Techniques ere described far assising (fisassembly of an article by triggering shape transition of shspe 
nwmory materiel vwthin the srticie. In one form, a de-festener (16) is triggered to expand to break apart first 
and aecond parts (10a. 10b) which may be integrally formed, or fastened together. In another fomi. shape 
memory polymer is used as a releasable fastener, the shape memory polymer losing shape brtagrity above a 
predet e r m ined transition tampersture. Also described is a method of sequential di sassembly by triggering 
shape memory elements at dmerent times, for example, by using a progressively increasingfoecreasing 
tsmperatuie. Also described are fastanera/detestsners usfog shspe memory materiel for a variety of 
applications, including mechanical fastaners either resiUem or screw thread, for vehicle fade panels, 
instrumentation or door hinge mountings and electronic componerrt holders. 
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M PnidiKt PjaBSwM i 

n,b iovemion relaCK to the partiri or whole tlisassetnbly of products. 
The itiventtott is pailiciihrly suttshle for me in products which requtre easy 
disassemW,. for example, for recycling at the end of product life, but n b not 

limited exclusively to this. 

New environmental legislation has been proposed which will make it 
obligatory for manufecturers of at least certain types of product to provide 

recycling of part or whole of the product at the end of the product's life. One 

industry where this will have a major impact is vehicle manufacture. Another 
industry of importance is electronics product manufacture (for example, 

televisions, computers, and white goods, etc.). 

Strict rules also need to be applied for the safe disposal of parts of a 

product which contain toxic or potemially hazardous material. For example, in 
televisions, high voltage components such as the line output transformer contain 
potentially hazardous insulation and arc quenching material, printed circuit boards 
are often coated with a flame retardants, and cathode ray tubes contain barium 

andlead. Such parts need to be isolated from each other according to the types 

of hazardous material present, and di^xtsed of safely. 

Recycling and disposal tedmiques are being developed, but a significant 

cost fftotor in the processing of virtually all products is die disassembly of the 
product before the component parts can be sorted for re-use, material re¬ 
claiming, material disposal, etc. It is possible to break ^«rt a product 

t 

destructively, but certain valuable re-usable components may then be damaged. 
In general, it is far more desirable to disassemble at least some of a product in 
a non-destructive manner, so that the component parts are less likely to be 
damaged, and are easier to sort. 

A product can be disassembled manually, for example, by undoing 
retaining screws or clips manually or, in the case or electronic circuit board 
recycling, manually desoldering certain components from the circuit boajd. 
However, such a process is expensive, because it is slow and also ^bdur. 
intensive. Furthermore, when manually desoldering an integrated circuit which 

has a large number of cx)nnecting legs, it is difficult to melt the sol^r on-aH legs 

* • _ * 
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simultaneously. 



result 

Recently, aotomaied robode dinssemWy has been ptnposed. In snch a 

pieces. roboB « o«»r «»on-«d n^cblnety .« «s«I» 

Ld. in d» case .f elecnonic p«ducB. » desolder o, exnac. hey »n.pon^ 

,«b.svaln.blei«egr«edci.e«id. However, beftee a produc. c«. be pn^ 

in dtis way. dw Mdtinety fimhas tobe pn«nnnn«d with in^^ 

shape and sire of the prodiBt. the posiUon of each fisienn* to be unscrew^ 

u*o«pled. the size and shape of d« electronic chenit board. d« postuon on the 
circuit board of each component, and the soMet positions for each component 
Furthermore, dm machinery needed to numiptdate the product acconddy. and » 
perform die disassembly operadon U very espenshre. Such automated 

disassenddy is only pracaical for a nm of a large number of 

_r__ vw,.it<wv*:nne ftf individual. diffwBiit ptoducts. 


bearing 


• _* 


mind. . , 

A first asp«:t of dm invention is to piovkte sl^ 

product or article for assisting at least partial disassembly of the product by 

triggering shape transition of the shape memory material. 

With such an arrangement, shape transition of the shape memory material 

can be used to give dm product an active or self disasse^ ^ 

For example, one of more fasteners may be made of shape memory 
material which, upon transition, changes shape to release the fesiener. In another 
example, the shape memory material may be employed as a defestener which, 
upon transition, changes shape to actively move one part away from another. 

The invention can enable disassembly of one or more products without the 
difficulty of having to locate, and unscrew, festeners such as screws. Instead, 
it is necessary simply to activate the shape memory material in each product 
Therefore, the invention also provides a method of assembling a product which 
i«:ludes such shape memory material, and further a product or article which 

the shape memory material. 
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Anofter more domiled aspect of fte invention is to ptovkle shape memory 
matesial in a product which, upon shape transition, changes shape either to urge 

of a first part or portion away from a second pan or portion, or to 

trigger such acUve separalioii. In one form, the shape memory material can 

p-.,— a dynamic force sufficient to separate casings, suh-assembltes and 

components with which it may be used. 

The shape memory material may. for example, be a discreet element 

having any desired form. Panicolariy preferred forms include mmuluses or »ite 

whWi, upon shape transition, expand or lengthen hr a generally axial direction, 

elongam members si*m as tods which can bend, or unbend, to soane extent to 

generate a separation force, and members which can change their cross secooiial 

shape to generate a separation force. It is emphasised that these are mereiy 

examples. 

This aspect of the invention is advantageous because it can actively 
separate or urge apart portions or parts of an article upon disassembly, instead 
of merely releasing the attachment of the parts. Such active movement of the 
parts away from each other can considerably simplify the sotting of different 
parts, particularly in automated machinery. It is much easier to provide 
automated machinery to collect different parts and components after active 
separation than it is to try to control automated machinery to perform each 

unfastening and separation operation as in the prior art. / 

Such an arrangement is particularly suitable for self-disassembly tw” self¬ 
opening of parts of a housing of a product, or for removal of sensitive parts 

which might otherwise be difficult to remove. 

For example, in a preferred embodiment, one or more shape memory 

elements are arranged within a case which comprise front and rear case shells 
held togetiier by snap fit connections. Upon transition, the shape mem<^ 
element can apply a force to the case parts to overcome the snap fit connection. 

and to force the front and rear case shells apan. 

In another preferred embodiment, a shape memory element can be fitted 

between an integrated circuit component and a socket or holder into which the 
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„eg™«J circuit is pressed imo position. Upon tr^sWon. tte shape memoty 

letnent can lenetate sufficieot force to at least partly lift the integrated circuit 

removal of Ao integraied circuit. 


leferably, the shape memory material is arranged 
..MnrarAH r.ircuit from the holder, so that thi 


integraied 




grabbed or otherwise collected. 

In a yet further embodiment, the shape memory material can be used to 
shear first and second portions which are integrally coupled. For example, the 
first and second portions may be respective walb of a housing or case which, 
upon disassembly, are broken apart to form generally flat case sections. Such 

sections may be easier to handle and store than the case when whole. 

In a further related aspect, the invention provides a releasable fastening 
element configured to engage or grip another dement, at least a portion of the 
releasable dement for engaging or gripping the other dement comprising shape 
memory material which upon transition changes shape to release the other 


element. 

Preferably, the releasable elemem b configured to mechanically engage 
the other dement and. upon shape transition, b operable to change shape to 

release or relax the mechanicai engagement. For example, the releasable elemem 

may be an element which, in normal use. b under compression or tension and. 
upon transition, changes shape to relax the compression or tension. 

In one form, the releasable elemem may be in the form of a slee^ or 
sleeve liner for threadedly receiving a screw or bolt. In normal use. the sleeve 
can maintain firm radial compression engagemem with the screw or bolt to 
achieve a strong and reliable fastening. In one form, the sleeve b oval in cross 
section to achieve compression. Upon shape transition, the releasable element 
may. for example, become enlarged, or relaxed, and thereby release the 
engagement with the threads of the screw or bolt Alternatively, the rdeasable 
element may be in the form of a screw, bolt or other threaded member for 

threaded engagement witiiin an tuning. 

In an alternative form, die releasable element may con^rbe a band or 
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strap which, ta nomial use. eitentU over, or around, another part, such as a 
circuit hoard or module or sut«ssembly. to hold k in poskion. Upon trammon, 
the releasabie element may lengthen or otherwise change shape to release the part 

being held. 

In a further alternative form, the fastener may comprise an opening or 
mouth for receiving a projection, the shape memory material being operative 
upon transition to change the shape of the mouth or opening to grip or release the 

projection. 

In a yet further alternative form, the fastener may comprise a jaw. or a 
retainer, and the shape memory material being operative upon transition to 
change the shape of the jaw or retainer to release a hold on another pan. 

A closely related aspect of the invention is to disassemble a product at 
least partly by activating shape transition of shape memory material within the 

producL 

The shape memory material may be activated by any suitable means, 
preferably a means for subjecting the material to a temperature change above, or 
below, a transition temperature. For example, for elevated temperatures, heat 
may be supplied using hot gas (e.g. air), steam, or electrical current. The 
activation means may, for example, be in the form of a heated room or 
enclosure, or an iron for supplying heat, a hot air blower or jet, means for 
passing an electric current dirough, or inducing an electrical current in ^.g. by 
magnetic or microwave interaction), the shape memory material (or thnmgh or 

in an element in thermal contact thraewhh). 

In the case of a temperature drq), heat may be extracted by using cold 

gas, or evaporation of a refrigerant. The activation means may, for example, 
be in the form of a cool room or enclosure, a cooling probe having a cooled tip, 
a cold air blower or jet, or means for introducing a refrigerant (such a liquid 

nitrogen) to at least the vicinity of the shape memory material. 

It will be appreciated that any number of different products can be 

disassembled using this technique. It is not necessary to know and physically 
locate the exact position of each fastener of a product. Instead, it is simply 
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«. tow the mmston ten?tolate(s) of the sta«« memory tntorieKs) 
ineptoh»»,m-tea.n«».mhe-eoav^^^ 

A tether «|«ct of the tavemtoh is »IKt^ 

^ ^ h. . produet te esswos disessemhiy. ~ 
hevrn. different otohion tempemmres s. «hieh sh.^ htoto™ o^ 

this««ct seqiKodaldistoenthlyoftheptrKltoisfecaitnted. For ettmnple. by 

sbbjectes'the pmdoa m n first temperaore. a fto s^ 

to caose disasentbiy or reieae of a firs. p*. thsre.««. ^ 

sdtiecdt* d» prodoe. to a more enooto (higher or kwa) se^ 

a «cond shape meittey element can be kiggered m ^ 

of a second different part. 

■Iheretee, different ports of a product can be disasambled in sequence 
e, differem times, simply by increasing or decrmsing te tempe.amre(s) 
progressively. This is particularly advantageous to produco vtee *sasssmbly 
is required in an ordered sequence, te esample. to ficiliiaie simplet handling by 
auremared machinery. AliermSvely. it may he appltedle to parts, such a 

elecnonic eomponenti. using shape memory materW having a dl^ 

Einperature associated vnto dm type of conipoiEBitt. For esianiple, sU valuable 

circuits may be moumed using sbi?e memmy naaerfel having a firs. 
—.i.i.v emperature. less valuable imegrated circuits smd o*er tsmSoonditctoB 

reouured usiug shape nrenmry nnaerid havtog a second 

as^rotemers mounred using shape memory maerial teving a tiiird shape 
v.,v.i.inu temperanire. heyboard components mounted using shape memory 

TOSerial having a fbuitii oansldon temperature, etc. Additiomlly. parts made of 

haaardous mamrial may he moumed using shape memory mmerial having a 

nansWon tempetanm associanui vtito te haiaidous raaterW piesenl. so tlml all 

pans including the sssne hasardous material can be disassembled and collected 

together. 

Accordingly, a yet further aspect of the invention is to disassemble a 
product sequentially by trigg^ing shape transition of at least some different shape 
memory material dements in the product at different times. 
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It wUl be appreciated that the dilfcretice between shape menwty material 

ether materiab b that the shape memory materhd 

or form when it is acdvaled so to do, for example, by the tempetamre exceedtng. 
or .hopping below, a predetermined ttansUkm temperamre for the tnatenal. Of 

coo,* it is well kKnm that cmtvemiotnattmtaU will expand on h^ 

conventional plastics will relax or flow epon heating. Howmrer. the adwntmges 

of tning shape memory material instead of conventional metal or plastics ate t^ 

(a) the material can be •trained" to adopt any desired change of shape at 

transition, not macly expansion or relaxation; 

(b) the of shape at transition can be much greater, and more 

than that obtained by the relatively small expansion or relaxation by 


heating of conventional materials; 

(c) the temperature at which transition occurs can be determined 
accurately (for example, by varying the composition of the shape memory 
material) so that no change of shape will occur at normal operating temperatures 
of the producL Generally, the transition ten^rature can be predetermined as 
desired anywhere in the rant 50“C to 150-C, depending on the composition and 

die nature of the material; and 

(d) the shape transition can be made to occur cither when the temperature 
exceeds a predetermined threshold, or when the temperature drops below a 
threshold. Fw exan^le, a sht^ memory material can be trained to ado^ a first 

in a first temperature range below the transition temperature, and a second 
5 b g p» in a second temperature range above the transition temperature. If the 
transition temperature is greater dian normal ambient ten^ratuies, dicn the first 
shape will be adopted when under nrainal ambient conditions, and it will be 
necessary to heat the material to achieve the second shape. On the odier hand, 
if die transition temperature is below normal ambient temperatures, then the 
material will adc^t the second shape under normal ambient conditions, and it will 

be necessary to cool the materi^ to achieve the first shape. 

Commonly known memory shape alloys include rinc-K»pper-aluminium 

alloy (Zn-Cu-Al) and nickel-titanium alloy (Ni-Ti) . The former alloy is 
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and its Shape transition is generally reversible 
obtainable very cheaply, and its snap*; 

For oxampte. »PO« U« alloy n»y be muoed » expand » 

a pr^««n.ided shape and. »po» cooling. d« alloy wfll reonn » 

stape .ndfl.ia»nperanrecyeleBayber.pea«d.nun*erofmnes. Ttelam 

.Uoy ’is more expensi«. but has an tulvantage of better elecmcal ^uctnmy 
i»n the funner. It also has a non-reversing charauteristie. i.e. ^ 

ah«ys renm. to h. original shape rfter tr-nidon. b«, b revn^^ 

shape Change is not too seve^. Metal alloys have an advantage that th^ 
produce conskteable forces upon shape transilioti. although the magnt o 
shape change is liiniicd. 

New shape memoiy plastics/polytnets ace also obtainable, for eitantple. 

™„„iau based on polyurethanes. Such tnaterials can easUy be uunUded to any 

desiied shape. 1 , may also be oonvenfoM to inouW a shape tnetnoiy polymer 
element as an integral part of a plastics case. 

Shape memory polymers have a characteristic that they are generally ngid 
in form up to a transition temperature, above which they lose shape integrity and 

relax depending on any forces present. Upon cooling, the polymer can return to 

its original rigid shape and form in the absence of external forces. Alternatively, 
if an external force is applied to change the polymer shape whUe tbe polymer is 
in its rubber state, and if the force is maintained during cooling, the material will 

adopt the new shape as its stable shape when cold- ^ 

Shape memory materials have previously been used as actuator elenients, 

for example, in releasable couplings. Reference is made to the arrangements 
disclosed in patent publications Nos. US-A-5095595. US-A-5160233. US-A 
5312152. US-A-5366254. and WO-A-91/04433. However, none of these 
specifications describes or suggests the use and structure of memory shape 
nuitcruds of the present invention. 

Embodiments of the invention are now described by way of example only, 

with reference to the accompanying drawings, in which: 

Fig. 1 is a side section through a first case de-fastener; 

Figs. 2a and 2b are schematic drawings of a second case de-festener; 



Figs. 3a and 3b are schematic drawings of a third case fastener; 

Fig. 4 is a schematic view of a module holder; 

Fig. 5 is a schematic drawing of a first electronic component holder; 

Figs. 6a and 6b are enlarged partial views of a detail of Fig. 5; 

Figs. 7a and 7b are schematic drawings of a second electronic component 

holder; 

Figs. 8a and 8b are schematic drawings of a third elecffonic component 

holder; 

Fig. 9 is a drawing of a fourdi electronic component bolder. 

Fig. 10 is a view of a modified self-heating form of electronic 

component holder; 

Fig. 11 is a srh*^"^tic view of a first electronic component remover; 
Fig. 12 is a view of a second electronic component remover; 

Fig. 13 is a y^pmatir view of a third electronic component remover; 
Fig. 14 is a view of a fourth electronic component remover; 

Fig. 15 is a se brmaric view of an alternative component holder; 

Fig. 16 is a ylwmatip. view of a further alternative component bolder; 
Figs. 17a and 17b are schematic views of a frangible wall wifli shape 

memory material; 

Figs. 18a and 18b Ulustrate the shape memory element used in the 

arrangement of Fig. 17; j 

# 

Figs. 19a and 19b are schematic views of alternative frangible wall 
arrangement; 

Figs. 20a and 20b are schematic views of a furdier hai^ible wall 
arrangement; 

Fig. 21 illustrates a range of shape memory alloy elements; 

Fig. 22 illustrates a range of shape mernwy polymer elements; and 
Fig. 23 is a schematic view of a processing apparatus for triggerii^ 

disassembly. 

Referring to Fig. 1, a case 10 of a slim article, such as a calculator, 
consists of an upper or front ^ell 10a which is joined to a lower or rear shell 
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• wall of the case. The snap fit connection 

10 b by a snap fit connection m the edge wall 01 me ca« 

luooya^uv the rear shell 10b which locates behind an 

is formed by a Iti* 12 l>n'je«">8 

imrardly directed rim 14 of ihe ftom shell lOa. , , , 

positioned dose to the ed^ «all is • heli=al.spnng.^ actm 

or defostener 16 of a Shape memory mmerid. ta dtis embod^^ 

dsfostener is ttttuie of shape memory alloy, sod. as Cu-Z»-Al. ' 

dm deftstener ,6 are seamd in collars 18 and 20 which me formed tnteg^ly 

t eh» front Qhell 10a and the rear shell 10b, respectively, 
on the inner feces of the front sneii lua, anu m 

Hie defostener 16 has been trained m change shape between a compressed 

smte (slK«n in Fig, 1) « normal rmnn temp«at«re. and mt e.^ 

which the defostener lengthens longitodit.ally (in a similar maimer to a spnn^ 

«, approximamly double its compressed axial length. TTm material can be tram^ 

in the usual manner by forcing the nnnerid to adop the desiied shapes 

mnme.an.te nmges below and above the tnmsition tengwtuure for dm ttuuettd. 

Such a mchnique is louwn in dm art, and so no further etabormion is need^ 

this description. 

During normal use. at ambient mmperaniies. the deftstener automatically 
adopts its compressed state. In this slam, the deftstener epplies no. or very litde. 

force on the tipper and lower ose shdis 10a. 10b. Hm snap fit connection holds 

dm front and rear shelb in their assembled condition and provides a strong, 
secure, connection. The collars 18 snd 20 hold the deftstener 16 in posidpn. 

At the end of the article's life, when it is desired to recycle the article, 
it is first necessary to disassemble the front and rear case shells 10a, 10b to 
remove the internal components of the calculator. In order to do this, the article 
is subjected to an elevated temperature (in this embodiment) gjteaier than die 
transition temperature of the defestener material, to cause the defestencr to 
change shape to its elongated shape. As the defestencr begins to expand 
longitudinally, it bears against the opposed inner feces of the front shell lOa, and 
rear shell lOb, urging them apan. The force developed by the defastencr is 
greater than the threshold which the snap fit connection can sustain, and within 
a short space of time, the force overcomes the engagement of the snap fit 
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connection, and firings the front and rear case shells apart. The collars 18 and 
20 prevent the spring from accidentally twisting out of position while the large 

force is being developed to overcome the snap fit connection. 

If desired, one or more openings 22 may be provided to increase the rate 

of heat transfer to the defastener 16 from outside the case. This may be 
advantageous if the case does not include its own ventilation openings. 

Although only one defestener 16 is illustrated in the partial section of Fig. 

1, it will be appreciated that a plurality of such defastener elements may be used 
at different graced positions around the edge wall of die case. Fw example, for 
a rectangular case, a separate defastencr element may be used in each corner. 
Additional defastener elements may also be used intermediate the owners. 

It will be apprfriatft<t that the defastener described in this embodiment can 
provute quidc and reliable disassembly of the case parts with minimum labour, 
and minimum damage to the case parts and to the components inside the case. 
Particularly where a plurality of defastener elements ate used, the defasteners can 
be activated substantially simultaneously, by the application of heat, which can 
provide much more rapid disassembly than a conventional arrangement in which 
a number of screws have to be located and unscrewed individually. 

In thb embodiment, a helical-spring-shaped defastener 16 has been used. 
The helical-coil shtpe can develop very high fences for the size of the defastener, 
and can develop large movement. Typically, f<n a efefastener made of Cu-Zn-Al, 
having a diameter of approximately 1 cm and a longitudinal (compressed) lengdi 
of around 1/2 cm, a defastenihg force of between 1 and 10 Newtons or more can 
be developed at transition. 

If less force is required, or if less space is available, Aen it may be more 
convenient to use Ae arrangement illustrated in Fig. 2. In Ais arrangement, a rod 
shaped defastener 24 replaces Ae coil-shaped defastener 16. The rod defastener 
24 is received wiAin a channel shaped recess 26 in Ae wall of the rear shell 10b 
(see Fig. 2a). In its ambient temperature state. Ae defastener forms a straight 
rod. However, when heated above the unnsition temperature, Ae defastener 24 
adopts a U-shape (or inverted U-shape as illustrated in Fig. 2b), and lifts itself 
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10 b in a simUar niam» to lhal described «1)W 

• c*^ Oo th^ dft^stencr 24 may be formed with 

As shown in phantom m Fig. 2a, the dcBstener «inaj 

„ anchor, »m«,.le. a tran^se 1« 28. to ensnm that^ ^ 

«ri»mmd correctly in the recess 26 to b«- in a generally npnght pla«. I. 
be apprKiiated that if the dehstener is inconecUy orientated (for eaample. ro^ 
mrongh 90”, then the bending at transition may occnr 

which wonld produce litUe or ns sqmtarion force. The defoslener ro^ 24 could 

also have a special ct.ss.sectional shape (for eamnple. flat t.cmi«ular) to aul 
correct orientation in the recess 26. 

Refetring to Figs. 3a and 3 b. a smew threaded, ftstener/defostener is 

niBtrated. In thU etnboditnent. two pints, 30 m-32 (such as fomt an^ 

shells) are secuied together by one or more smews 34 which each engage in a 

jaapecdve sleeve 36 integrally moulded on the inner to of the ^ 

Ida A liner 38 is toived widiin the sleeiie 36 and provides the engagement 

which the thread of the screw 34 bites when the screw is tightened 


(sec Fig. 3a). 

The liner 38 consists of a tubular portion of memory shape material, in 
this embodiment memory shape polymer. The material is trained to adopt a firm 
or slighUy oval 'compression" state in which it radially grips the thread of the 
securing screw 34 in a first temperature range corresponding to ancient 

temperature. In a second temperature range (ftn: example, ab^ 

transition temperature, say 50»C. the material loses shape integrity and relaxes 
to a more rounded cross sectional shape. In this loose ’loose" state the liner 

releases engagement of the thread of the screw 34. 

Thurefore. during notraal afobimit condilioiis, the liner 38 ptxwides a firm 

gripping surto into which the ihread of the screw 34 bites to imhieve a strong 

md secure ftstening. If desired, the screw can be unscrewed and replaced in the 

„nnal way, for example, in the course of repair or maintenance. Tbe polymer 
liiwr 38 is about as strong as conventional plastics, and can provide good grip 
even when the screw 34 is unsciewed and retighiened a number of times. 
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provided to a.e screw 34 is »« overUgh«ned (which coidd cause cooveadonal 

thread stripping damage to the liner). 

To disassemble the article, for example at the end of its life, the article 

is stAjected to a mmperaiure greater than the traiBidon temperato. Theliner 

3 g expands to release the screw 34. and hence allows die ftont and rear case 

shells 30 and 32 to be separated (see Rg. 3b). Although only one screw B 

Utetrated in the partial views of Figs. 3a and 3b. k wUl be appreciated that a 

plotaliff of screws 34 and liners 38 inay be used in practice to Mctite the case 

shells 30 and 32 at number of different locations. These toenings can all be 
nrbstantially simultaneously by the application of heat, thereby providiiig 
much simpler and fiister disassembly compared to having to unscrew each screw 

34 individually. 

In the above embodiment, the shape memory material is provided m the 
form of a liner, so that it can be fitted easily to a sleeve which is integral with, 
or part of, another item. In use. the oval liner is an interference fit within the 
sleeve, and is locked in position by the additional pressure from the screw 34. 
However, it will be a]^>reciated that in odier embodiments, the sleeve itself may 

be formed of shape memory material. 


Alternatively, instead of the socket fastener pan being of shape memory 
material, the screw or spigot partmay be made or include shape memory 
material. In such case, the material would be trained to change shape ^etween 
a firm radiallv tensioned form in which it grips a hole into which it is inserted, 


to a relaxed, untensioned form in which it can be withdrawn loosely from the 
hole. In the firm tensioning form, the screw may, for example, have an oval 
cross-section which relaxes to a round section above its transition temperature. 


The embodiment illustrated in Figs. 3a and 3b functions simply to release 
the two parts 30 and 32, rather than to urge the two parts away from each other. 
Therefore, this arrangement may be suitable for applications in which the lower 
part is permitted to drop clear of the upper part once released. However, if 
positive separation is desired, then one or more springs may be provided to urge 
the parts 30 and 32 apart. During normal use, the springs would be held in a 



by the sooting sc«« 34. A)ten»U«ly shape 
befe^^r ni«n«ed in Figs, 1 Md 2 may be ased ta c»mbi««ton wid. d« stope 
memory screw fastener of Figs. 3a mnl 3b to provide positive separation. 

Fig. 4 Ulustmtes a fatlher embodiment of fastener. In this embodiment, 

, module or sob-assembly 40, such as a keyboard imit is held in position 

sepporting smicttite 42 by means of a securing strap 44. The strap is made of 

shape memory material, in this embodimem shape memory polymer. As 

illustrated by the toll lines In Fig. 4. the polymer is trained to adopt a first shape 

at ambiem temperatures, in which the strap is wrapped around the moduie and 

the support, wiihtheettds4«ofihesttap44 overlapping each other, auch that 

Ae strap extends tightly around dte module 40. 

In normal use under ambient temperature conditions, the strap 44 retains 


the module 40 securely in posiUon. In order to disassemble the module from the 
supporting structure, the temperature is raised above the shape transition 
temperature, to cause the polymer to relax, and to lose shape of form integrity. 
In such state, the strap 44 is no longer able to bear the wei^t of tire of the 
module 40, and unwrj?» under the weight to allow the module to fall clear. 

In this embodiment, the strap is made of shape memory polymer, and 
mt «n Hftvattd temnerature. Alternatively, the strap could be made of 


shape memory allow (for example in security applications to prevent removal of 
expensive integrated circuits from, for example, a computer board) wh^ is 
trained between a closed "wrapped" memory state and a loose or "unwrapped" 


memory state. 

Referring to Figs. 5.6a and fib, the invention may also be used to mount 
electronic components, such as integrated circuits, in a self-releasing manner. 
In Fig. 5, a socket 50 for an integrated circuit 52 is framed by a plurality of 
contacts 54 of electrically conductive memory shape alloy each in the shape of 
a small helical coil. The lower end of each contact 54 passes tiirough a 
respective opening in a printed circuit board 56, and can be soldered to a track 
of the printed circuit wiring (not shown). Each contact coil 54 is dimensioned 

to receive a leg 58 of the integrated circuit 52. 
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At ambient temperatures, the helical coils each adopt a tight configuration 
to grip the legs 58, to establish an electrical connection to the integrated curcun 
through the legs 58 and to lock the legs inside the coils. The integrated circuit 

56 is thereby firmly held in position on the printed circuit board. 

The shape memory material is also trained at an elevated temperature (or 

at a lowered temperature, as desired) to expand in diameter, and "unwind" 
sufFicientiy to release the legs 58 and/or allow leg insertion. Therefore, in use. 
in order to fit the integrated circuit 52 to the socket 50. the socket is first 
warmed (or cooled) to trigger the shape memory contact coils to their expanded 
-open" condition. The integrated circuit can easily be placed in the socket with 

zero insertion force being required. As the socket returns to normal temperature. 

and the temperature again crosses the transition temperature, the shape memory 

coil contacts are triggered to return to their tightened condition. 

In order to remove the integrated circuit 52. it is necessary simply to heat 
(or cool) the socket 50 to again trigger shape transition of the shape memory 
contact coils 54 to their expanded state. In this state, the integrated circuh is 
released, and can be easily removed (or can drt^ out of the holdw under gravity 

if the circuit board 56 is turned upside down). 

It will be appreciated that this embodiment provides an extremely simple, 
compact, and yet extremely effective, zero insertion force socket, which does not 
require any direct mechanical interaction to release the integrated circui). The 
self-releasing, temperature-dependent characteristic enables the integrated circuit 

to be inserted and removed in a simple manner without risk of damage to the 
integrated circuit. The shape transition will occur at roughly the same time in 
all of the contact coils 54, so that prolonged heating (or cooling) is unnecessary. 

The shape memory material used for the contact coils 54 is preferably Ni- 
Ti, as this material has good electrical conductivity. The material can be used 
for reversible shape transitions amounting to dimensional changes of up to 5 or 

10%, which is adequate for diis application. 

Although not illustrated in Fig. 5, the contact coils 54 may, if desired, be 

mounted within a socket housing, for example, a dual-in-line plastics housing. 



for accurate pin alignment. 

Referring to Figs. 7a and Tb. an alternative shape of contaa 54 is sliown, 

in this arrangement, the conttatt is in the form of a looped bnuerfly shape, and 

d« loops 60 am trained m nnnfe betwten an open position (nitBtiattd in rig. 7a) 

in whW. the gap bet««m the loops 60 is sufBciem m allw IhelegSgofan 

inagraied circuit to be removed/itiserted. and a dosed position (iUtistraied in Fig. 

7b) in which the loops 60 appmach each other to grip the leg 58 firmly. 

Referring to Figs. 8a and 8b. a ferther alternative shape of contact 54 fe 

shown, in dtis arrangement, the contact U in the fctm of a finger 62 have a hole 

64 therethrough tert«wing the leg 58 of the integrated dtctiK. •niefinget62 

is trained to change shape between a fitst state (Fig. 8a). in which the hole 64 

is enlarged to allow insettion/tenioval of the leg 58. and a second state (Fig. 8b) 

in which the finger contracts by folding, to teduce the effective size of the hole 
64, and hence grip the leg 58. 

Referring to Fig. 9, a yet further altem^e shape of contact 54 is shown. 
In this arrangement, the contact is in the form of a pair of upstanding lugs 66 
which may be joined at their base by an integral web. or be individualiy 

mounted. Tim lugs 66 arc trained to change shape between a first state in which 

the lugs are separated by a gap sufficienUy large to allow insertion and removal 
of the leg 58, and a second state in which the lugs are biased towards each other 

to grip die leg 58. ^ 

Fig. 10 illustrates a fiirdier design of iniegraicd circuit socket, whidi 

operates in a similar manner to that described above, but which includes 

el fct r i'?* terminals for passing a heating current to effect die shape transition. 

The socket includes a plurality of cantilever contacts 70 which extend laterally 

from a support 72 of electrically insulating material. The free ends of the 

contacts 70 are formed with cups for receiving the legs 74 of an integrated circuit 

76. The cont?rts 70 are made of electrically conductive shape memory alloy 

(such as Ni-Ti) and are trained to change shape between a first state in which the 

cups are substantially "open" to allow removal/insertion of the integrated circuit. 

and a second state in which the mouths of the cups are substantially •closed’ to 



grip the legs 74 and establish electrical contact Aerewith. 

Extending over the tops of Ae contacts 70 on Ae support 72 is a further 

electrical conductor strip 78. The purpose of Ae strip 78 is to generate heat 
when an electrical current is passed Aerethrough. to cause shape transition of Ae 
contacts 70. In Ais embodiment. Ae strip 78 is not made of shape memory 
material, and is separated from Ae contacts by a layer of electrically insulating, 
thermally conducting material. Therefore, Ae strip docs not affect Ae electrical 
characteristics of the contacts 70 of Ac socket, but is able to transfer heat to the 

contacts 70 to triggor shape transition. 

In a modified form, Ae strip 78 may be made of shape raemcwy material 

and arranged such that, when at ambient temperature, the strip is clear of Ae 

contacts 70, but when heated. Ae strip 70 deflects downwardly to bear against 

Ae contacts 70. Whh such an arrangement. Ae strip 78 does not affect Ae 

contacts 70 in any way under normal tempmture conditions, since it is qiaced 

above Ae contacts 70. However, when current is passed through Ae strip 78. 

it deflects downwardly into contact wiA Ae contacts 70, and Aus allows heat to 

be transferred directly to Ae contacts 70 to trigger shape transition. It will be 

appreciated that when the strip 78 bears against Ae contacts 70 it will short the 

contacts 70 togeAer, but Ais is unlikely to cause any problems because Ae 

electronic circuitry will not, of course, be operative when it is desired to remove 

or insert the integrate circuit. / 

As illustrated in Fig. 10. the opposite ends of the strip 78 may project 

beyond the support to provide electrical terminal to which wires may be attached 

to Ae heating current. Alternatively, Ae ends of Ae strip may also be 

solder to Ae circuit board so that a heating current can be introduced through Ae 

printed circuit. 

It will be appreciated Aat Ae above embodiments provide zero insertion 
force/zero removal force sockets which allow a component such as an integrated 
circuit to be released wiAout mechanical interaction. Upon release, Ae 
integrated circuit is not ejected from Ae socket, but is free to be removed (or to 
Ail out under gravity if Ae socket is upside down). In Ae further embodiments 
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of Figs. 1143. sl«veinenK.rynaeri3l is OTploycdto force 
at least partly out of the socket for easier removal. 

Referring to Fig. 11, a strip 90 of shape memory alloy, such as Cu-Zn- 

94 (or base of tl« i«eg.»ttd circuh *«kes). H» shape n»nory 

mrerial is trained to change shape between a nomially flat state tmte atnbtent 

conditions md a curved state at elevated (or cold) teatperatiite cotidtlions. In 
uae, the strip 90 doe. ta* genera* «.y tn-eriai fo«^^ 

retained in position by suittdtle stops (t« shown) on d* ciKait botod or socket 

When Ae tempertdure ettceeds (or drops below) the transition tentperature. the 
strip 90 begins to ttatisfomi to its curved shape, thereby aiTlytng a force to lift 

d* integrated circuit 92 out of the socket. Sudi an aioutgennutt tuny either be 

used in cotnbination with the sh^ tnetnoty contacts rnttsttated in the preceding 
etnbodintents. or it may be used wiA conventional resttietit tnetal contacts. 

An alternative lifttog arrangement is also shown in Fig. 12. In fltis 

mrangemem, the strip 90- of shape memory material has one end 96 anchored 

to the circuit board. In Ais example, the end 96 is bent over and is secured in 

an opening 98 Arott^ Ae citouit board 9». In use. upon shape transidon, Ac 
strip 90 bends away from the board 94. and acts as a cantUever to lift Ae 

integrated circuit at least partly out of the socket. 

Fig. 13 illustrates a further arrangement similar to that of Fig. 12, woept 

that the strip 90 ” is tiaiiMni to form an inverted U-shape instead of a can er 

shape. 

Fig. 14 illustrates a further alternative lifting arrangement in which a 
helical-spring-shaped element 100 similar to that used in the first embodiment, 
is positioned between the circuit board and the underside of the integrated circuit 
92. The element 100 is trained to change shape between a first axially 
compressed state (seen in Fig. 13). and an axially elongated shape (shown m 
phantom) to eject the integrated circuit. The use of a helical element 100 may 
be particularly suitable for applications where considerable force is desirable to 

eject die integrated circuit clear of the socket. 




Fig. 15 illusraiM . fttther embodtaem of « imegmed cucuk holdor. 
to to enibodimom is staiUr in oonsmiction to a conynntionaJ dual-in-line 
integnted circuit holder, and uses conventional tenninals 102, fcr example, of 

diin copper strip which are bent into a loop shape (shown in phantom in Fig. 15) 

» provide resilient -sockets- for lecehring and making electrical contact with the 

pins of the integnted circuit. An actuator 104 of shape nunnory alloy is coupled 
between the pins on one side, and the pins on the other side. First and second 
___ inn nmvide direct electrical connection to the actuator, to allow 


normal 




be pass^ therethrough to heat uic actuator, 

__the actualor 104 adopts 


expanded state (shown in Phantom in Fig. 15) in which it applies little or no 
force to the terminals 102. and allows the terminals 102 to adopt their usual 
configuration. In order to remove the integrated circuit from the socket, a 
current is passed through the heater contacts 106 to heat the actuator 104 (or the 
holder is subjected to an increased external temperature). Upon heating, the 
a rpiatnr conoacts (to flie position shown in full line) which, in turn, causes inner 
portions of the copper contacts 102 to be forced inwardly. The profile of the 
socket case includes a downwardly extending lip 108 which cooperates with the 
copper contacts 102 to prevent the outer end of the contaa from moving inwardly 
and, in combination witii the springiness of the copper contact, this causes the 
n>ntgrt io Spring tq>wardly, diereby ejecting the pins of die integrated circuit 

from the holder. 


It will be appreciaied that, in this, embodimem. the shape memory 
material is used as an actuator or engine to trigger movement of other parts. 
However, in an alternative embodiment illustrated in Fig. 16, the pin contacts 
102’ are made of shape memory alloy (Ni-Ti being preferred for its high 
electrical conduaivity). The contacts 102’ are trained to change shape from a 
folded loop form (shown in phantom) to an a partially unfolded form upon 
temperature change above or below the transition temperature for the material, 
to eject the pins of the integrated circuit in a similar manner to that described 

above. 


All of the above embodiments have illustrated s^aration of two or more 




disito (Mie of a product or article. la the etaboditneat illmtraied at Figa. m 

uM .ha^ a^nua, ata^ri. is ta-iaste-i» shea^ 

i„tegrtaportioasioapredict.ble.coutrolleda»a»a. Fig. 17shows.casewa« 

no Wicdl, of plastics laaerial which iacludes. ia this exaaple. a side wall 
p<rtoa no. iategrany c«,led to a horiztaaal wall portioa 110b. Etab«lded 
withia the wtdl 110 ia a cooaectiag coraer regioa 110c is a tetractor eleawat 

,12 of Shape nuaaory alloy. As best seen ia Hg. 1 *. fte elemeat 112 hw. a 

l,..~.ny -H- shape. Uadet oonaal aiabieoi tetapetBute esaidldotis, the eleaieat 

isaaiaedtobeflat.asiaFig.18a. At b. extretae high or low tHoperatire. the 

anaoshe sides of the eletoeat 112 curl, or bead, out of the flB ptane. ia opposite 


directions, as shown in Fig. 18b. 

Referring to Fig. 17b. when the etaaeat 112 is acttuBed by teatperBute 
„ clause to hs expanded shB* (Fig. 18b). the face exerted shears the 

connecting corner region 110c of the wall to separate the side wBl 110 a fata the 

horizontal wall 110a. 

Although not shown in Fig. 18. itwinbesppreciaedtliBtlieeleiiient 112 

may be elongate, and consbts for example of repeating inlegiaUy ootgiled ’H’ 
portiotis (extended in the direction illustrated by die line 114 in Fig. 18a). Thus. 

dm element nmy extend Bong substandaBy the lengdi of dm coroB bet^ 

two wall portions. 

Figs. 19a and I9b Olustrate a further embodiment similar to that ^kwc, 
except that a tubular shape memory etement 112a is used. Tbe draWings 
illustrate the tubular element 112a changing shape from round to oval in a 
vertical direction, to generate a shearing force in the same direction as the plane 
of the wall. Alternatively, the elemem 112a could be arranged to change shape 
from horizontally oval to vertically oval to achieve this shearing force. 

Figs. 20a and 20b illustrate a further similar embodiment, in which a 
shearing force is produced in a transverse direction to the plane of the surface. 
Referring to Fig. 20a, a shape memory element 112b comprises a generally S- 
shaped member which, upon shaped transition flattens transversely to cut through 
the material of the case wall in the corner region 110c, and hence shear the >vall. 



-21 - 

TV etanem 112b has Stan-or 

sectto 110a and 110 b of il» wall as the maiaW 

In the embodiments of Figs. 17 - 20 . heat conductiitg openings or contacts 
miy also V provided to fecilitate rapid heating or cooling of the material from 
outside the case, and thereby reduce the tittte necessary to supply sufficient heat 

(or cold) to the shape memory element to trigger shape transition. 

TV shape memory elements 1 12 . 112 a and 112b can V positioned in the 
wall in any desired way. For example, a hole may be formed in the wall, and 

the element inserted in the hole after die case has been moulded. Alternatively, 

die shape memory element may he positioned widiin a mould prior to moulding, 
and the case moulded around the shape memory element so that it is an integral 

part of die case wall. 

It will be appreciated that there are numerous designs of fastener which 
may include shape memory material in accordance with the invention. By way 
of example only. Fig. 21 illustrates a range of typical fasteners which may be 
marfaa of Shape memory allt^. These indude defasteners 120 and releasable 
grippers 122 (for example for mechanical or electrical use). Similarly, Fig. 22 
illustrates a range of typical fasteners which may be made of sh^ ntemory 
polymer. These include ratchet fasteners 130, supports and spacers 132 (in 
which lugs 134 are configured to relax upon shape transition and to release a 
carried load), dureaded plug sockets 136, guides 138 (whk* are conflated to 
relax aixl release compression engagement of, for example, a circuit board 
received widi the gukle), plugs or rivets 138, and cable fasteners 140. 

It will be appreciated that the princ^Jles of this invention are i»t limited 
to the illustrated examples, and will have many varied applications in a wide 
range of fields where an inherent self-disassembly characteristic is desired. 

In particular, although the examples illustrated have referred generally to 
electronic products, it will be appreciated that the invention is not limited to this 
field. The principles of the present invention may be used in any field of 
assembly/disasscmbly of a product or anicle, to at least partially assist 
disassembly of the product or article. It is expected that a major field of 
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will b. f vehicle 

pssible b« is limited e.temon.e».hytl«o».ite«bteti«»e«^ 

' ■ i».i« if fevRfiemoss ax© difficdt «o access 

snd reiii(« i«m from csK. ptm®^ 

„ Ke difficult to teleese owing to the ptesewo of dm or c«ro^. 

.^ieulsr, perm suoh m bumpers, imerior ^ udriug^. bum- 

naauterial ra acoordanos wiJh the iMveiitma. 


Tbe pri.mip.es of the presem iovemiou «, elro hove mde^ 

ft* provMiug tmmmreic releero or dismsem^ 

esseuple. if . vehicte is involved in . crush, tt migr be modi e»^ 

K, releme e victim from the wrodmge by trteertag tder^ of sl«F 
„b«M feaeuers, te eseomle. to disassemble 0 to 

Sudh disassembly can be perfimoed widumt imviog ro teve visibte 

htage {mteners. smd without having to me cutting mnchmery whu* my 
disuress. or nhyskally interfere widi, a irs»3d vfc*n- 

rig. 23 niustram schematicdly m swassm for proroming one m 

products to perform « lemt partial sdf-dansemWy. The apparatus 150 
comprises a chamber 152 into or duough which producm « commyed, for 
eumnple, on a convey 15d. Ifm chamber 152 is b^ or cooled to a 

predetermined eemiiermure to trigger rdesne of the 

Preferably, a temperamre gradient is established in the chaml^ 152 

» ensibte setjuential disassembly of different parts of the product which include 

or defestenas which are triggered into shspe mnsition ar differem 
rmpporamtea. as the product is conveyed through the chamher 152. If the 

product h suspended upside down, ur uses defatenm which spring ap« the 

disassembled parts, then collection bins 156 may be provided in the chamber 152 

below the pafo of the product for collecting psm as they Ml fom tto products. 

This is particularly convenieot for disassembling a bach of different products, 
which ai use shape memory fostenets or defimlenets which trigger a the same 
.empetatute for disassembling like parts, such ss integrated circuits, 

transformers, car bumpers, etc. 
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The aspects of the invention believed to be particularly important have 
been set out in the appended claims. However, the Applicant claims protection 
for any novel combination of features described herein, or illustrated in die 
drawings, irrespective of whether emphasis has been placed on thereon. 


/ 



CLAIMS 


1 . An >itKle Mmprbiiig shape nKiKity mMerial ansiiged sue* 

upon shipe oansition of the shape iMnwy inalerial. first and s^ 

to arifcle ate pushed apan by a force exited between 

portions. 

2 . An artfcle acconih« fo chum 1. whereto to shape ntofoty nnnerial is 

operative, nptm shape transition, to generam a sepaiatfon fon* to tn*e saM fiist 

and second portions apart. 

3 . An article to which shape memory material is provided for assisttog 

disassembly of the articte. the shape memtny material being operative upon shape 
nansWon to exert a force between fimt and second ptntiotB of the artfcle » n^ 

sq)aration of the two portions. 

4. An articteaccotdtog to chtim 2 or 3, whereto to first and second ptnt^ 

are integral with eat* other, and the shape ttmmory nnnerial is operative m shear 

a region connecting the first and second portions. 

5 . An article according to claim 4. wherein the shape memory maie^ is 
embedded or inserted in the region connecting the first and second portions. 

6 . An article according to claim 2 or 3. wherein the first and second portions 
arc distinct parts fastened together in assembled relation, and the shape memory 
material is operative to exert sufficient force to overcome the fastening. 

7 . An article according to claim 6. wherein the fastening comprises a snap 
fit connection. 

g. An article according to claim 6, whereto the first and second parts are 



fastened together by welding. 


9. An article according to claim 6, wherein the first and second parts are 
fastened together by adhesive. 

10. An anicle according to any of claims 1 to 9, wherein the shape memory 
material is provided in die form of an annular element or a helical coil element 
which, upon shape transition, lengthens generally in an axial direction. 

11. An article according to any of claims 1 to 9, wherein the sh^ memory 
material is provided in the form of an elongate element which, upon shape 
transition, bends to generate a separation force. 

12. An article acoxdit^ to claim 11, wherein the elongate dement comprises 
a generally straight elongate portion. 

13. An article acc ording to any of claims 1 to 9, wherein the shape memory 
material is in the form of curved or bent element which is operative to uncurve, 
or unbend, at least partly to generate a separation force. 

14. An article according to any of claims 1 to 13, wherein the shape ipemory 
material is provided in the form of an element wdiich, upon shape traiBition, 
dianges its cross sectional shape to generate a separation force. 

15. An article according to any preceding claim, wherein the shape memory 
material forms, or forms part of, a releasable fietener for fastening together the 
first and second portions of the article. 

16. An article according to claim 15, wherein the shape memory material 
forms an engagement or gripping portion of the releasable fastener. 
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17. An article comprising a releasable fastener for fastening together first and 
second portions of the article, the releasable fiistencr comprising at least one 
fastener engagement or gripping portion comprising shape memory material, the 
shape memory material being operative upon shape transition to change shape at 
least partly to release engagement of the festenor. 

18. hn artde accorting <o any precading claim, wheiehi the dmpe material 
is a shape memory alloy. 

19. An article according to claim 18, wherein the alloy includes nickel and 
titanium. 

20. An anide according to claim 18, wimreto the alloy includes zinc. ^ 

and aluminium. 

21. An article according to claim 18. 19 or 20, udietein the shaim memoiy 

material forms at least part of an eleinent for holding and establishing an 

electrical connection to an electrical or electionfc component, the shape 

alloy being operative to release engagement with the component upon shape 
transition. 

/ 

22. An article according to claim 21. wherein the shape memory alloy forms 
part of a socket for receiving an iniegraied circuit. 

23. An article according to any of claims 1 to 17. wherein the shape memory 
material is a shape memory polymer. 

24. An article in which shape memory polymer is provided for assisting 
disassembly of the article, the shape memory polymer being operative upon shape 
transition to release a first portion of the article from a second portion. 



25. An anicle acceding to daim 24. whooin the shape memory polymer 
forms, or forms part of, a releasable fiutener for releasably fastening tc^ether the 
fust and second portions. 

26. An article according to claim 16, 17 or 25, to any daim dqmndent 
thereon, wherein the releasable festener comprises a jaw or retainer which is 
displaceable to release die fastening. 

27. An article according to any preceding claim, wherein the shape memory 
material is comprised in a strap or band wdindi fits around the first and second 
portions to hold the portions in assembled relation, the shape memory material 
being operative upon shape transition to at least pardy loosen the band or str^. 

28. An artide acctvding to claim 27. wherein the diape memory material is 
operative upon shape transition to unwrap at least the end portions of the band 
or strap to release the band or strap. 

29. An anicle according to claim 27 or 28, wherein the strap or band is made 
substantially entirely of shape memory material. 

30. An anicle accmding to claim 16, 17 or 25, mr to any claim d^nctent 
thereon, wherein the releasable fastener is in the form of an element for 
threadedly engaging a complementary fastener, die releasable fastener being 
operative upon transition to diange shtpe to release threaded engagement with 
the complementary fastener. 

31. An anicle acomling to claim 16, 17, or 25, or to any claim dqiendent 
thereon, wherein the releasable fastener comprises a female element for receiving 
a male element. 


32. An anicle according to claim 31, wherein the shape memory material is 
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(^rative upon shape transition to change the shape of an engagement suifux of 
the female elemem to release a said male element received therein. 

33. An aiiicle aocwding to claim 32, wherein dte shape memory material is 

operative to the ooss-sectional shape of at least the engagement surfece 

5 of the female element from generally oval to generally round, in order to 

increase the minimum radial dimension of the cross-section and thereby release 

the male element. 

34. An article a ccnrHing to claim 32 or 33, wherein the fiemale dement 
comprises a generally annular member, and wherein the shape memory material 

10 15 operative upon shape transition to cmise the female element to lengthen in a 

generally axial direction and cowmrrently to enlargen the irniK- diameter of fte 
famaii. member, thereby to release engagemem with die male dement, and to 

generate a separation force in the axial direction. 

35. An article according to claim 16, 17 or 25, or to any claim dependem 

15 thereon, wherein the releasable fastener comprises a male dement for 

engagement in a female dement. 

36. An article according to claim 35, wherein die male dement is threaded. 

% 

37 _ article aoctxding to claim 35 w 36, wherein die shape memory 

material is operative upon shape transition lp diange die cross-sectional sh^ of 
20 the shank of the screw to release engagement with the female member. 

38. An article aoemding to claim 37, wherein the stupe memory material is 
operative to change the cross-sectional shape from geimally oval to generally 
round, in order to decrease the maximum radial dimension of the cross-section, 
and thereby release engagement with the female member. 



39. An article according to any preceding claim, comprising first and second 
elements of shape memory material, the second element having a different shape 
nansition temperature from the first element, whereby sequential shape memory 
material assisted disassembly operations can be performed. 

40. An article conqirising first and second elements of stupe memory material 
for assisting disassembly of the anicle, the first element having a different shape 
transition temperature from the second element, whereby sequential shape 
memory assisted disassembly operations can be perfmrmed. 

41. An article comprising first and second elements of shape memory 
material, each element being tperative upon shape transition to assist disassembly 
of respective portions of the article, die first and second elements being arranged 
or configured such that the first element can be triggered to dumge shape 
independently of the second element, whereby sequential shape memory material 
assisted disassembly operations can be performed. 

42. A method of producing or assembling an article as defined in any 
preceding claim, the method comprising fitting at least one element of shape 
memory material in <»- to the article in such a manner that, upon shape transition, 
the shape memory material is operative to assist disassembly of the article. 

43. A method of at least partially disassembling an artide as defined in any 
of claims 1 to 40, the rnmhod comprising triggering shape transition of at least 
one element of shape mernwy material in or on the article, thereby to cause 
release and/or to urge separation of a first portion of the article relative to a 
second portion. 

44. A method according to claim 43, comprising changing the temperature of 
the shape memory material to exceed, or drop below, die transition temperature 

of the material. 



45. A method according to claim 44, wherein the temperature change is 
achieved by placing the article in a region of elevaied or reduced temperature. 

46. A mediod according to claim 44 or 45, construing sidqecting the article 
to a temperature gradient for triggering sequential disassembly at different 

temperatures. 

47 . A fastening element comprising shape memory polymer, the sh^te 
memory material being operative upon shape transition nt c h a ng e or relax its 
shape to release fastening engagement. 

48. An el«» T">‘-nt according to claim 45, wherein the element coiuists 
substantially entirely of shape memory polymer. 

49. An element according to claim 47 or 48, comprising, at least under 
ambient temperature conditions, a threaded pmtum. 

50. An element according to claim 47 or 48, wherein the element is in the 
form of a strap or band for wrapping around parts to be fastened. 

51. A releasable fastenor for releasably fastening a first part to a second part, 

the festener comprising a first engagemem region for engaging the first part and 
a second engagement region for ragaging die second part, at least the first 
engagement region comprising shape memory materW. operative upon shap^ 
transition to change shape to release ot relax die engagemem. 

52. A releasable fastener according to claim 51, wherein the first region 
comprises at least one jaw. 

53 A releasable fostener according to claim 51 or 52, wherein the first region 
comprises a mouth in vidiidi the first part is received. 



54. A releasable fastener according to claim 51, wherein the tetener 
comprises a tube or an annulus, one of die first and second engagement regions 
comprising a radially inner portion of the tube oc annulus, and die other region 
comprising a radially outer portion of the tube or annulus. 

55 . A releasable fastener according to claim 51, 53 or 54, wherein the 
fastener has a generally oval cross sectional shape under ambient temperature 
conditions, and is operative to chan^ shape to a generally round cross-section 
tqxm shape transition. 

56. A releasable fastener according to any of claims 51 to 55, wherein the 
shape memory material comprises a shape memory alloy. 

57 . A releasable futener according to claim 56, wherein the alloy includes 
titanium and nickel. 

58. A releasable fastener according to claim 56, wherein the alloy includes 
copper, zinc and aluminium. 

59. A releasable fastener according to any of claims 51 to 55, wherein the 

shape memory material is a shape memory polymer. ^ 

4 

* 

60. An article including shape memory material to assist disassembly of the 
article, substantially as hereinbefore d<»cribed with reference to the 
accompanying drawings. 

61. A defastener substantially as hereinbefore described with reference to 
Figs, of the accompanying drawings. 

62. A releasable fastener substantially as hereinbefore described with 
reference to Figs, of tfie accompanying drawings. 



63. A method of assembly or of disassembly of an article, the method being 


• >* 


MTitfa reference to the accompanying 

mm -- - 

drawings. 


64. Apparatus for triggering shape transition of shape memory material to 
assist disassembly of an article, die aq[>paiatiis being substantially as teeinbefore 
described with reference to Fig. of the acoompaiqring drawings. 




ftfiark 

OfiSoe 

23 


Abdication No: 
Claims searched: 


GB 962SS39.3 
1, 3 17,24 at least 


Examiner: 
Date of search: 


A Angele 
19 Febniaiy 1997 


Fatents Act 1977 

Search Report under Section 17 

D^iahams searched: __________ 

UK Patent Office collections, including GB, EP, WO & US patent yed fi ca tk ws, in: 

UKa(Ed.O): E2A(AMB) 

H2E(EEGL, ECCX, BCD) 

B7B0BR) 

B2H 

E2F(FPD) 

Int a (Ed.6); B60R-019/24, -017/00; B60I-005/00. 

HOlR-004/00, -004/18, -004/28,-011/28, 013/03, -13/20, 

Other: Online-WPI; EDOC __ _ _ 


Documents considered to be relevant: _ 

Category Mentis of document and refcvant passage 
X GB 1599997 A RAYCHEM 

X GB 1439848 A RAYCHEM 

X EP 0260132 A2 FURUKAWA ELECTRIC 

X WO 85/05500 A1 KRUMME 
X US 5366254 A MATUCCHIO 


US 5211565 A 


NJKRAJEWSKI 
(See eq)edally cols 6-8) 


RolsvHidtDdaflitt 


17p24,41 M least 
13*17,24,41 «t least 
13*17,24,4131 at least 
13,1734,41 at least 
3,1734,4131 1^ 


13,1734*41 at least 


See whole docuoient unless otherwise indicated. 


X DofItmm! tjawelty nr invMtive Mep A Dcw i wwa iPJMqe Ipa ww l oena l »cm 

Y fVff inelc ia w eini we Mep if co mb ia ed P DooonmS puhSAed on or after Ibc dee 

with one or noce odwr documeaiB of mne catefoey. the fifiag date of this Ui/vwImo. 

E paiemdociHiMpubtidiedoa or after, buwttpnoc^ 

A Member of iho aaiae pateot fcoBPy _Ifaaii, ftie fiBps daleof thia ^ip fa ailoe. 


ofKal fcac kfto ea d aad/omseofilie axt. 
after Ibe dedamd pnorky dam boi beCoie 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER:___ 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



